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Electrophysiologic Effect of Desflurane on the Prolongation of Action Potential Duration in Ventricular

Myocytes

Sun Jun Bae, M.D.",
Lee, MD.", and Wyun Kon Park, M.D."?
'Department of Anesthesiology and Pain Medicine,
Seoul, Korea

Background: Desflurane has been reported to prolong the QTc.

Myung Hee Kim, B.S.!, Jee Eun Chae, BS.', Chong Hoon Kim, M.D."?, Kyung Tae Min, M.D."?, Min Jung

’Anesthesia and Pain Research Institute, Yonsei University College of Medicine,

Several ionic currents that contribute to the prolongation

of the action potential (AP) duration were investigated using guinea pig (GP) and rat ventricular myocytes.

Methods:
from GP and rat hearts.
a voltage ramp protocol.

A more detailed study on the Ix was performed. The Ic, . was measured.

The normal APs were measured in isolated GP papillary muscles at 37°C. Ventricular myocytes were obtained
Both the delayed outward K" current (Ix) and the inward rectifier K™ current (Ixy) were assessed using

In the rat ventricular

myocytes, the transient outward K' current (I,) was obtained. All the patch clamp experiments were carried out at room

temperature. The values are presented as mean * SD.

Results:

0.91 mM desflurane significantly prolonged the APD in the GP ventricular myocytes.

Using a linear voltage ramp

protocol, the Ix; at -130 mV and the peak outward Ix; at -60 to -50 mV were not found to be significantly reduced by 0.78

and 1.23 mM desflurane, respectively.

mM desflurane reduced the I, to 80 £ 8% and 68 +

observed.
Conclusions:

myocytes is most likely the result of Ix and I, suppression.

However, the peak outward Ix at +60 mV was significantly reduced to 63
58 + 12% of the baseline by 0.78 and 1.23 mM desflurane, respectively.
7%, respectively.

+ 19% and
At a membrane potential of +60 mV, 0.78 and 1.23
A concentration-dependent reduction in the Ic, . was

The prolongation of the APD induced by clinically relevant concentrations of desflurane in GP and rat ventricular

(Korean J Anesthesiol 2006; 50: 557~ 66)
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ventricular myocytes.
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GRASS FTO03 force transducer (GRASS Instruments, Quincy,
MASS, USA)dll A48t 7o Zole 7P &e 3

k-4
217] Z#(resting tension)S Ho|WA F3F Hujo Z4EH
< Yeidle AFd nA4sHh 05 Hz AFS 1 AL F
S Al&ste] F217] AEL WskA] @ EFS5o] dAE)
A FAHE AL A F HAFS AASFAT 95%
0:/5% COx9 &3 7k=2 7]E3A7] HA Tyrode &9

[mM: 118 NaCl, 5 KCl, 2 CaCl,, 1.2 MgSO4, 25 NaHCOs,
11 glucose, 0.1 ethylenediaminetetraacetic acid(EDTA)]-S 33X
g o83t £T 4 mlo) £52 FEAFOH, &9 2
T= 37°C, pHE 74 £ 052 f+A5A T GRASS S44 stim-
ulator (GRASS Instruments, Quincy, MASS, USA)o]l 24

=

A 2% AFES bathe] el F&3}e] 2 msec delay,
0.5 msec duration® E A& APt A=+ e 5

A FEAIE Fa B2 120%2 F438%

25 delel 5% ZH9= WPL VF-Amplifiere] A2 =
+ 3 M KClfilled glass microelectrode (10-20 MQ)E
NAF AP T AIS 025 HzZ A3t S
. &4 ¥ Z3+= Digital storage oscilloscope (Hitachi
Woodbury, NY, USA) % Gould TA240S (Gould
systems, Inc., Valley view, OH, USA)Z ¥Z, 7]
. AE 717HE<9t microelectrode’} F A3 A E ol
FAZE HA &L Bee AFAdA AQstAnt A5 A=
T Z5HNE e HAh A5 120%5 HEAL
o, z} A= 3F M 9] ZAA latent period (AFHF-ZF A
44, 510 mo)E A5 Axo Ao o3 FLA A
stk 59 =27, Ad RS £, AEFY 50
2 90% A2 EFH9 717HAPDsy, APDg) %
A4 BAEE SASAT A Tyrode
mM K* Tyrode &< (mM: 97 NaCl, 26 KCl, 2 CaCl,, 1.2
MgSO,, 25 NaHCOs, 11 glucose, 0.1 EDTA)S Al&3}e] A
4 2 4 ZF5 A (slow action potential) S =74 5 th.
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AL AEE o] &3 A=A 43

AMAZ Mzl EEl: 250-300 g £A 7Y = H
(Sprague-Dawley)S ©]-&3t91oH, 714 L sevoflurane & &2
TUAANA LT, FH= enflurane o2 T wHHAIZ G
oA mE] WO Z heparin (2500 LU)S T3 I AFS
HAE3A Y. 4EH AFLe 0,5 LA A2 Tyroded
(mM: 143 NaCl, 5.4 KCl, 1.8 CaCl, 0.5 MgCl,, 5 HEPES,
0.18 glucose, pH 7.4) FAl H71Fo] Ao A4S w&
A7l 5 4°Co W7 Tyrode& ol ul2 Ho] 4utss W
| 3tk o] AeElolA e diews whes
FAR A @5 tha 37°CY Tyrode& A< <
A, TA] Ca’free Tyrode® NS 29 7 mlo #F
2 587 #FAAY olF, Ca”*free Tyrode-& <4 ol
collagenase (0.6-0.7 mg/ml, Worthington type II, Worthington
Biochemical Corporation, Lakewood NJ, USA)®} 714 o] H
% protease XIV (0.04 mg/ml, Sigma-Aldrich Co., MO, USA),
# <9 7% hyaluronidase (0.4 mg/ml, Sigma type II, Sigma-
Aldrich Co., MO, USA)E 10-1427F 37 &A1 7|HA 4
ol AAE e BESAT olF of 5B
Kraft’s Brithe (KB) §%(mM: 70 KOH, 50 L-glutamic acid, 50
KCl, 20 taurine, 20 KH,POs, 3 MgCl, 20 glucose, 5 HEPES,
0.5 EGTA, 5 Na,ATP, 5 pyruvic acid, pH 74)2 <317 o
AAS AASA A A2s U=
3 Pasteur pipette&Z o2 W ETE A&
, 200im nylon meshZ Z# WAtk
A2 AEE 4°co 2=l A7
AFEEIR O™, 2 mM CaClholl =
striation®] 3%t AETHS F

£y g £8l9 A2 AZE inverted microscope? ol &
o] AU chamberd ¥ 10&7F vietol| 7heh gke AR
% Axopatch 200B Patch Clamp Amplifier (Axon instruments,
Foster city, CA, USA)E AF&3}4] whole cell modeZ 7}7}+<]
=43t9thY  Patch
(KIMAX, American scientific, Charlotte, NC, USA)E two stage
micropipette puller (PP-83, Narishige Co. Ltd, Setagaya-ku,
Tokyo, Japan)E ©]83t] Hte] AHdo] 2.3 MRo] HE=
ghEo] ARGt EE AP A2 (20:22°C)004 Al¥
&9tk Whole cell mode7} HW 4-6%7 7Ivhy <Hy 4
gt @ & APS AP H . Chamberes £% 2 mlZ &
F3F3 . Datas version 6.0.3 pClamp system (Axon in-
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sg A

3R 2™, current clamp modeS A]3J 35St 800
pAY AFE 02 HzZ 5 ms &% FY3tA ZH319 0
Delayed rectifier K'current %! inward rectifier K* current:
7Y 3 AdZ AEAgA ko InE A S48 99
voltage ramp protocol2 ©]&3tHoH, WHOTA wHIS
40 mvel AHAZ el -130%FH +50 mV7ZHA] 30
mV/s?] £E2 FV/MAA A 53390 ke inward
component= -80%-E] -130 mV7}A|, outward component™
S0RE 20 mv Apoldd AR 4 gom, 20%E +
80 mV Alo]olME k2 #&EHE 4 tkFig 1A). A7) volt-
age ramp protocol®] ol desflurane®] Ixoll e+ €345 & ¢ =}
A3 LolR izt HAYS 40 mvel LABAIZ AEAA -
30%E +80 mV7IA| 5% 7+ o Z 20 mVY Z7HA1A 714
A 2RI OR, ZHA0E 422 FYT.
L-type Ca” current: 7|1 I 442 A ZA desflurane©]
I 19 PIXE QS #AZE7] 98 40 mVE 2 A
o2 o] Na' 27d3t
B 0 mV7Z}A one

=539

A7 el Al -40mVE
00 msE<t 0.1 HzY A=2342

Transient outward K+ current: 7 AAT M XA A
S 80 mVE AT ¥ Na” WFAFE 2843 A7

71 93 50 msESH -40 mVel prepulses 713 ohe, -40
o] A1 +60 mV7FA] 300 msES 5% FASE 10 mVA step
F7HA 7HEA E85 A olH g 2 A A
Fe Aol capacitative current’} B3 & ZA] outward
direction® 2 K° AF7F YeldA "ok -40 mVolA +60
mV7FA] 10 mVA F7FA1A 7FH A depolarizing pulseE 7}
stdom MFo Y 7] peak curent’} UERE F
2H 0.2 Z+43)e] plateau currentE RO Al ETHFig. 4A).

pulse S

AR

AxX 9o 2 fge 74

AL 9l o 2= modified Tyrode& % (mM: 140 NaCl, 5.4
KCl, 1 CaCl,, 1 MgCl,, 5 HEPES, 10 glucose, 1 N NaOH=
pHE 742 Z2H)S Algstg o, Cca®* WA g A7)
B-fi 49 02 mM CdCIZE 2713 A ok
F A2 AEdA ZFHAE ZHs] A 9F &
Qi% modified Tyrode SNS ARSI O™, patch pi-
pette T §HoZE= oy e FAH LAmM: 20
KCl, 110 K-aspartate, 10 EGTA, 10 HEPES, 1 MgCl, 5
KATP, 1 CaCl,, 10 NaCl, 3 N KOHE pHE 72% Z&)%
AHE-8FA T

K AF9 =3

o

Al QR gHoaE 02 mM CdCL7F H

7FE modified Tyrode§ S AHE3}9 2™, patch pipette ST+
fAdoz= oy e Ao fdmM: 20 KCl, 110
K-aspartate, 10 EGTA, 10 HEPES, 1 MgCl, 5 IGATP, 1
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CaCl,, 10 NaCl, 3 N KOHZ pHE 728 Z#)& AM&-3at%ich

Ico, 12 modified Tyrode &4 #FFe]olA whole cell
modes 8kl WA thdt 2 749 &H(mM: 140 NaCl,
5.4 CsCl, 2 CaCl,, 1 MgCl,, 10 HEPES, CsOHZ pH 74=
ZA)o. 7 #F T =439, o] patch pipette T &
doze T 22 749 £ mM: 30 CsCl, 100 aspar-
tic acid, 100 CsOH, 10 BAPTA, 10 HEPES, 10 phospho-
creatinine, 1 Na,GTP, 5 Na,ATP, 10 glucose, 2 MgCl, CsOH
2 pH 728 Z3)& AHE3Ith

Fo %89 FF, A FE 2 Fol Wy

7Y ¥ {528 o]83 @5 HY 48N desflurane
718} 7](Devapor Type M32600, Driager AG, Liibeck,
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3 05 LY
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o]-&-3t

THOR AFAA Y Tyrode & 153

b AR 71879 T ZU|T olatdEa
v} 7} £47](Capnomac, Datex, Helsinki, Finland)S -2t
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A 1 Control
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Fig. 1. Effects of desflurane (DES) on the inward rectifier (Ii;) and
delayed outward K" currents (I) in a guinea pig ventricular myocyte
(A). Currents were recorded in response to a linear voltage ramp
protocol in which the cells were held at -40 mV before their membrane
potential was swept from -130 to +60 mV at a rate of 30 mV/s. (A)
dotted line indicates recovery. (B) Effects of DES on outward com-
ponent of Ii. (C) Effects of 0.78 and 1.23 mM DES on Ix in guinea
pig ventricular myocytes. *: P < 0.05 vs. control. Error bars indicate
mean * SD.
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AFE-31tE Gas chromatographyS ©]-83le] #7F o] & o2 &gk
AAde &7 e =& FA3GTE 37°CollA 6 B 12%
desflurane®] FE% Z}ZF 042 + 006 n = 3) % 091 +
0.05 mM (n = 4)°]1.2.™, 37°Col A Tyrode &¥/gas ZH}7] RE
FE 020022Y 042 2 091 mME ZZ 533% (0.89 wkel 7
MAC) ¥ 11.55% (1.93 MAC) slgstA ot 71y o 277 desflurane T+ 2 AM/\H i}Ol—% 7&%0}71 4

A AAZ AELE o83 AYME ZTU3 Ve E 3} repeated measure of ANOVAE AME-3tGoH, o5 M
3] 100% 0,2 gas dispersion tubeS ©] &3] £ 02 Lo D2+ Student-Newman-Keuls testS AM3t3th Ik, Lo 2
FEFoz #HFIAQA modified Tyrode £qol 1587 £3)A Ica 1914 078 mM3} 1.23 mM desflurane®] F& & 3}o] o
21 & =390, AoA 6 E 12% desflurane®] FE=+ 3l Hlal= unpaired Student t-testS AF&-3} A TH

247} 078 + 005 (n = 3) @ 123 + 003 mM (n = 3)°]]
o} 22°Coll Al Tyrode® ¥/gas HHlAIFE 0270]22Y 0.78
2 123 mMe 22 7.0 2 1105%°] sFaHA Bk . it e .

Wz 24 F o Fo 9 AHS £ 2343 M A A ETEaas 5

L TFEE ol AFdAME Al B9 € A AE 025 HzZ A28 o 091 mM desflurane> J4F 57

Z o}

27y 15EROE sgon, A AE APAde 44 28 He9 zZ7 9 HuU 8T £EdV/dtma)E ®EA7]A
A Control B 1.23 mM DES

75

‘“‘ ol *gﬂmmumm- )vl

C
100 7
(PA) 1 —e— Control .
600 ] —° 123 mMDES 80 .
o
1 g
* S 60 A
400 5
€
. Oé 40
[0]
200 o
20 A
& 3
I T T T T T 0
-20 0 20 40 60 80 0.78 mM 1.23 mM
V., (mV) DES

Fig. 2. Effect of desflurane (DES) on delayed outward K currents (Iy) in a guinea pig ventricular myocyte (A, B). Ix was measured by step
depolarizations from -30 to +80 mV from a holding potential of -40 mV in 20 mV increments with 5 s intervals. The dashed lines indicate
zero current. (C) The corresponding current-voltage relations of L. *: P < 0.05 vs. control. (D) Effects of 0.78 and 123 mM DES on L. *: P
< 0.05 vs. control. Error bars indicate mean + SD.
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ko, APDsy E APDo= oA F7FHAZH Y (APDso:
thzx]2] 113 + 7%, APDy: THZEX9] 111 + 6%, n = 6)
(Table 1). ¢FT AYE 87914 -92 mV Alo]E WIS
RolA okttt &4 ALY 27 F A 287 &
= W7t g, APDsy 2 APDwE A 718
t} (APDsp: X9 109 + 29%, APDey WHZEX 9] 115 +
15%, n = 6 ) (Table 1). ¢t A= -399A4 -44 mV
Atol2 WS HolA sttt

b

Table 1. Effects of Desflurane (0.91 mM) on Normal and Slow Action
Potential Characteristics at 0.25 Hz Stimulation Rate in Guinea Pig
Ventricular Myocardium

Amphtude APDs APDyg dV/dt-max
(mV) (ms) (ms) (VIs)
Normal APs (n = 6)
Control 128 £ 14 173 + 16 206 + 17 126 + 32
Desflurane 130 + 15 195 £ 13* 228 £ 15% 123 + 30
Recovery 131 £ 14 191 + 6% 220 + 8% 132 + 32
Slow APs (n = 6)
Control 102 + 3 165 + 29 190 + 32 16 + 4
Desflurane 104 + 3 174 £ 31* 215 £ 23* 16 = 4
Recovery 104 + 175 £ 22* 201 + 28* 16 £+ 3

AdZ AEE o] &F AU HA 43

X NMT MES EEHS: 02 HE AFHAL 0
123 mM desflurane> 8% 9] ¢ ZFAHY AV|E
WA 71 2] kot APDsy 2 APDy= &S 3UAl AFAIA
o™ (APDs: WZXA|2] 142 + 26%, APDo: TIZX 9] 121
t 13%, n = 10), AIFA] A= JEH= S #3F
T AU TH(Table 2).

Delayed outward K’ current: Voltage ramp protocol ]
0.78 % 1.23 mM desflurane FJA] +60 mVolA k= 247z}
2% 63 + 19 (n = 13, P < 0.05) 2 58 + 12% (n =

Table 2. Effects of Desflurane (1.23 mM) on Normal Action
Potential Characteristics at 0.2 Hz Stimulation Rate in Rat Ven-
tricular Myocytes

Amplitude APDs APDy RMP
(mV) (ms) (ms) (mV)

Normal APs (n = 10)

Control 139 £ 6 5+£2 17 £+ 4 -70 £ 2
Desflurane 134 + 13 + 3% 20 £ 6% 70 £ 2
Recovery 138 + 11 5+1 16 £+ 4 -70 £ 2

Values are mean + SD. AP: action potential, dV/dt-max: maximum
rate of depolarization of the AP. APDsy and APDyy: the duration of
the AP at 50 and 90% of repolarization, respectively. Repeated measure
of ANOVA followed by Student-Newman-Keuls test were used to test
for differences among groups. *: P < 0.05 differed from control.

A —@— Control
-150 —O— 1.23mM DES
1.23 mM DES © .
__ 2001 — ° _|ms g
< 3
o i (:)O:jo O
- -250
2 O
'(—El O
© _300 T O
< O
&
-350 - )
000X 00000
_400 T T T T T T
0 100 200
Time (sec)

Values are mean * SD. AP: action potential, APDsy APDgy: the
duration of the AP at 50 and 90% of repolarization, respectively,
RMP: resting membrane potential. Repeated measure of ANOVA
followed by Student-Newman-Keuls test were used to test for dif-
ferences among groups. *: P < 0.05 differed from control.

B

100

80
3 - -t
c
8 60
G J
c
g 40
[}
K J

20

0

0.78 mM 1.23 mM
DES

Fig. 3. Effect of desflurane (DES) on L-type Ca®" current (Ica, ). (A) A representative example of the effect of DES on Ic,, 1 in guinea pig
ventricular myocytes. The unfilled circles indicate the peak of an individual current record. The horizontal bar indicates the period when DES
was applied. (Inset) an example of individual currents recorded in the presence of 1.23 mM DES. The dashed lines indicate zero current. (B)
Depression of Ic, 1 following application of 0.78 and 1.23 mM DES. *: P < 0.05 vs. control. ".P < 005 vs. 0.78 mM desflurane. Error

bars indicate mean + SD.
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13, P < 005 HAsHSUFg. 10), Fo9 ¥
o] AaFAE dkon, AHF dzA2E & A
T SAAThFig. 1A). +60 mVelA I8 thHxEA
0.78 mMolA 041 £ 021 nA, 123 mMelA 037 £ 0
nAST
kol gk Al Ado)M 078 L 1.23 mM desflurane F
oAl +80mVell Al HEXY 57 £ 22% (n = 5, P < 0.05)
26l £ 13% m = 7, P < 0058 ZZ 7gAsige
(Fig. 2A-D), A¥F dzx=z FEH= A

Ly
rr

7438

o
AR 0.78 21.23 mM oA HEXE 27 1.
2 071 + 0.12 nAITH

Inward rectifier K* current: Voltage ramp protocol®ll 4 0.78
13)& x| inward

m = 13) ¥ 123 mM desflurane (n =

(nA)
—e— —a— Control
—o0— —— 1.23mM

component®l] G &Fo| $1%1 M (Fig. 1A), outward componentz
AWAZS YElE 60 EE 50 mVelA Igol
FFE vAA FSkthFig. 1B). -130 mVelA <]
component ¥ outward componentz FHAE YEME I
HEAE 078 mMelA 7tz 474+ 1.08 029 +
0.13 nAolglom, 123 mMolNE Zhzh 435 + 132 @
0.34 = 0.19 nAYH.

L-type Ca’*current:

w3

inward

=]
=

949 +10 mVolA 078 % 1.23
mM desflurane FHA| I, & 242 HZXY 77 + 6% (n =
5, P < 0.05)Fig. 3B) 2 58 + 6% (n = 5, P < 005F %
A3t oM (Fig. 3A, B), Al1H ¥ dz2X=Z JEEHJT 078
2 123 mMolA e tEAE 77t 045 + 009 L -0.40
+ 0.07 nA T}

1.23 mM

&

300 msec

=

1nA

100 7

80 *
60 I
0

40
20 -
0.78 mM 1.23 mM

Percent of control

DES

Fig. 4. Effect of desflurane (DES) on the transient outward K* currents (I,) in a rat ventricular myocyte (A, B). Dashed lines indicates zero
current. (C) Current-voltage relationship of I, in rat ventricular myocytes. Filled and unfilled circles indicate the peak current of I, at every potential
in the control and in the presence of 1.23 mM DES. Triangles are the current levels at the end of the test pulses before (filled) and after (unfilled)
application of 1.23 mM DES. *: P < 0.05 vs. control. (D) Effect of 0.78 and 1.23 mM DES on the peak currents of Ip. *: P < 0.05 vs.

control. Error bars indicate mean + SD.
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Transient outward K’ current: 2149 +60 mVelA 0.78
2 123 mM desflurane FJA] peak L= THZEX2] 80 + 8
19, P < 005 2 68 £ 7% (n = 17, P < 0.05)% 7

o)
3

(@ =
23t O U (Fig 4A-D), plateau currentd]= 9GS BEA]
KO H(Fig 40), MHF BF dx2AZ 3J5H Uk 0.78
123 mMol| A peak 1,2 tHEX+= 3.17 + 086 % 327 +
1.03 nA°]$le ™, plateau current= Z}Z} 0.13 + 027 %
0.14 + 0.32 nAt}.

=]
=

]

o

«

AFolA desfluranee 7Y ¥ 2 FH AAZ AEY
AN E BEHE BAoen ol k9 L9 9
ARlez Azt

T AT A 2 22 EF A 71 HA=
Bao we} v thekslt}. Halothanee 714 Y
H AT AEe FFEAY 7S @EA7ed uhe)®
AAZANE A Fgo] Qi AT 2 E7)
AZAAEY 2318 AFAIE EFE Holn
At} Enfluranee 714 ' 2 7jo] AAZN? Fof
o] "l sty EEHY 7S GFAI|E EHE Ho|x
At} Isoflurane> 7Y oA &5 H9 7S QA=

14
A

wE Y Bo Frd ot ¢ we 937 E &,
T3 719 Purkinje fiberdlMe GEFA|7|= AR &EA
Ath? Sevofluranee 714 T §5F29 @ o] AT A
EAXAAES] MJAAHQN #d) EF5AH 7IHE AFAT]
U, e AAZ AxdAe dFA7e 235 Hola 9
L9 olgA Ate Anrl e AL AR 589
o] 2 7} FEA o]&BFEE AT e dWHEe F

77} 027 gE5dd Aoz Azdr
Delayed outward K current: 2 23
kS ZAA7E &3S Holn Yth Bullfiog®” 2 71Ud
Ak A Zo| A" halothane S kS JAsHH, 714 I
A Z A isoflurane'™'® 2 sevoflurane =" kS A A7
a7E HA k' XMA3E EA4gEE A/ Kk
A3 5 inward rectifier 2L 211 A+ kY F
F2 7AE A olF ki FHrHALAC 8l vl
dulstA JAEE 9, (& halothaneo] <JsjA &
A ZH I isoflurane’'® 2 sevofluraned] &0 HTIE kS
B ke Zlo® BuEch B AF 2 A +80 mvel
M9 ke kol SHFEE desflurane FA] xS AAF=
F97} 9o

AMAE =

r

A3 desflurane>
AA

Hil-

RO

o 12 Ho ofN

>~

¢ %

mel W o

o2 AAHE S ok FF 4P

i

offt
ol
]
=
o
2

[

2
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Aol

Inward rectifier K current: 714 I AAZ A Lol
sevoflurane Ix;2] inward 2 outward componentel] F]X|&= &
#A7b weE w59 Fo A Z A Stadnicka
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